Introduction of the high-speed and micro-scale visualization system
To observe the phenomena of electrochemical reaction inside an operation PEMEC, a high-speed and micro-scale visualization system (HMVS) was built and used with a transparent PEMEC by taking advantage of new LGDL development, which is shown in Fig. S2 . To get the visual image from inside of PEMEC, the following modifications were made to the conventional electrolyzer cells: (i) a rectangular hole was cut into the anode end plate as an observation window; (ii) the copper anode current distributor was removed; and (iii) the graphite anode bipolar plate with a parallel flow field was separated into two parts, one was a transparent block with flow-in hole, the other one was a thin titanium plate serving as the flow channel. In the transparent electrolyzers, the anode LGDL flow fields with current distributors were made chemically through etching titanium plates to form flow channels with lands for current distributions. They were capped by transparent plates and visually accessed through a rectangular window in the aluminum end plate. A 25 µm titanium thin film with 791 µm circular pores was installed as the LGDL during operation of PEM water electrolyzer. The channel width was 1061 µm. These changes allow for optical imaging of the anode. A high-speed micro-scale visualization system was possible using a high speed camera Phantom V711 and long-distance optical system. With the V711, a maximum speed of 7530 frames-per-second at full resolution can be achieved. At reduced resolutions, the camera can deliver up to 680,000 frames-per-second or up to 1,400,000 fps with the FAST option. With all this equipment and design, local O 2 formation can be monitored and analyzed based on microscale bubble formation in transparent/operational PEMECs by HMVS. 
